Low temperature, about 10°, influences hatching of eggs of most populations of Heterodera avenae (Cotten, 1962; Fushtey & Johnson, 1966; Banyer & Fisher, 1971; Williams & Beane, 1980) and "activates" the juvenile inside the eggshell (Banyer & Fisher, 1980) to initiate transformation to a hatchable condition.
The requirement of eggs for 10° may be a specialised need in that a particular step or steps may have a low optimum temperature or it may represent the optimum for all stages of development. We know that the optimum temperature for motility (a necessary part of eclosion) is about 20° (Banyer & Fisher, 1972) and is probably also the optimum for most developmental stages. However, the relation between temperature and hatching is not completely understood (Juhl, 1968; Banyer & Fisher, 1976) and there is no information on the effect of temperature on stages of the life-cycle other than hatching. This paper reports data on temperature effects on various aspects of the lifecycle of Heterodera avenae.
MATERIALS AND METHODS

Pre-incubation temperature and hatching
Few eggs produced at 12 hatched (Banyer & Fisher, 1976) possibly because early development of the 2nd-stage juvenile may require a higher temperature than 12 ° . To examine the effect of temperature on early development, six 25 cm diam. pots were each planted with three germinated seeds of wheat cv. Halberd on 21 February, 1977 and kept at 20° in a 10 hr daylength in a growth-room. About 400 freshly-hatched juveniles in 1 ml of water were inoculated around the base of each seedling at intervals of 3 days on seven occasions. Penetration and initial development was allowed to proceed till 28th March when three pots were transferred to 10° at the same daylength and three pots were maintained at 20°. On 23rd November, the cysts or females formed at both temperatures were harvested, and eggs, which contained 2nd-stage juveniles, transferred in batches of approximately 200 to glass blocks containing distilled water. Of the eggs produced at 20°, four replicate batches were kept at 20° for hatching and four at 10°. Of those produced at 10°, four replicate batches were placed at 20° or 15° for 1, 2 or 4 wks before transfer to 10° for hatching and four replicate batches were placed at 10° immediately. Counts of hatched juveniles were made twice weekly and the distilled water changed weekly for about 3 months. '
Temperature, penetration and establishment of Juveniles in roots Pre-germinated seedlings were planted in opaque plastic tubes, 13 cms long, 2.5 cms internal diam. embedded in soil and placed in controlled temperature tanks at 15°, 20° or 25°. Each seedling was inoculated at planting with 100
freshly-hatched juveniles in 0.5 ml water and six seedlings from each temperature were harvested 3, 7 or 17 days later. The root systems were stained in 0.1 % lactophenol cotton blue (Goodey, 1963) , stored in lactophenol and the numbers of nematodes in the root systems counted.
Temperature, growth and development of H. avenae Germinated seedlings planted in plastic tubes were each inoculated with about 50 freshly-hatched juveniles in 0.5 ml water. After 3 days at 15°, the seedlings were washed free of soil and juveniles that had failed to penetrate, resown in tubes of uninoculated soil and immersed in unperforated pots of soil in controlled temperature tanks at 15°, 20°, 25° or 30°. Samples of three or six seedlings were harvested three times a week, the roots boiled in 0.1 % lactophenol cotton blue for 3 mins, then immersed in acid (Davies, 1976) , the nematodes teased from the roots, mounted in water on a microscope slide and drawn at 100 x with a camera lucida. About 20 specimens were drawn from each sample and cross sectional areas were measured with a planimeter.
Temperature and numbers of females of H. avenae Seedlings were set up in plastic tubes as before at 15°, 20° or 25° and each was inoculated with 100 freshly-hatched juveniles in 0.5 ml water at sowing. At 3 day intervals, further inoculations of 100 juveniles/seedling were added on four occasions. There were ten replicates for each temperature.
Plants were harvested 76 days after planting, the females washed from the roots and counted.
